Survival rates and productive herd life were examined for 13.8 million US dairy cows that calved from January 1, 1980, through March 2, 2005. Cows that left the herd for dairy purposes or were from herds that discontinued Dairy Herd Improvement testing were excluded from any calculations to prevent underestimation of population longevity. Mean lactation length for cows without subsequently recorded lactations ranged from 205 to 235 d across breed-parity subsets and were 4 to 29 d longer for parities 2 through 7 than for parity 1. Mean survival rates were 73% to parity 2; 50% to parity 3; 32% to parity 4; and 19, 10, 5, and 2% to parities 5 through 8, respectively. The mean number of parities for Holsteins declined from 3.2 for those first calving in 1980 to 2.8 for those first calving in 1994. Mean numbers of parities for other breeds first calving in 1994 were 2.9 for Ayrshires and Brown Swiss, 2.4 for Guernseys, and 3.2 for Jerseys. Breed means for productive herd life (through parity 8) ranged from 28 to 36 mo. All regressions of mean number of parities or mean productive herd life on year were negative. The trend for decline of many of those indicators of longevity slowed or ended after the early 1990s. Between 31 (Jersey) and 39% (Guernsey) of herds were made up of first-calf heifers.
INTRODUCTION
Survival rates provide information about the proportion of cows that survive to each parity or for a designated period of time. Productive herd life is the length of time that individual cows remain in herds after their first calving. Those variables represent culling practices in the population, usually based on economic conditions, e.g., replacement cost, salvage value, and returns expected from various alternatives (Nieuwhof et al., 1989; VanRaden and Klaaskate, 1993; Essl, 1998) .
Some researchers (Nieuwhof et al., 1989; Dunklee et al., 1994; Essl, 1998) have reported a negative relationship between reproductive performance and milk production, whereas other studies (Roxström and Strandberg, 2002; Tsuruta et al., 2004) have found low correlations. The negative phenotypic correlation may result from selection for high milk yield.
Fertility is required for initiation of first lactation and is an important component of survival. VanRaden and Seykora (2003) found that daughter pregnancy rate had the highest genetic relationship with productive life of traits included in the USDA net merit index. Selection has been directed toward production traits for many decades, and accurate genetic information for most other traits is less common. An examination of herd life over time can provide information about its relationships with other economically important traits such as calving age, calving interval, production, and survival rate.
Culling rate is influenced by management style. For Wisconsin Holstein herds, Weigel et al. (2003) reported that 1) risk of involuntary culling of productive, profitable cows was lower for herds with fewer cows per employee and for which labor was provided by family members; 2) herds with fans, sprinklers, self-locking stalls, palpation racks, and maternity pens also had lower culling risks for high-yield cows; 3) involuntary culling was lower for 100% AI herds than for non-AI herds; and 4) operations with 3-times-daily milking and customgrown heifers had higher involuntary culling. Farms with moderately intensive grazing in the northeastern United States had lower culling rates than those with extensive grazing (Hanson et al., 1998) . Seasonally calved Holsteins and Jerseys on pasture in North Carolina had lower culling rates and culling costs than did confined cows ; incidences of mastitis and culling attributed to mastitis also were lower for pastured cows . Clinical mastitis incidence and culling rates were not different among Dutch Holstein and Friesian herds grouped by bulk SCC, but more cows were culled for high SCC in herds with the highest SCC (Barkema et al., 1998) . Samoré et al. (2003) examined the relationship between SCS and functional longevity and found that Italian Hol-stein-Friesian cows with the highest test-day SCS had 3 times the risk of being culled as those with the lowest SCS. Impact of mastitis on culling varied with lactation stage for Holstein herds in New York (Gröhn et al., 1997) . Bascom and Young (1998) reported that culling was greater for New England cows with poor reproduction, low production, and mastitis. Culling practices often are relaxed during herd expansion (Faust et al., 2001; Weigel et al., 2003) , and cows are culled for different reasons during the transition.
Type traits also impact culling. Rogers et al. (1991a) reported that final score and udder traits were positively correlated with productive life for US Jerseys. Caraviello et al. (2003) examined the relationships among type traits, inbreeding, and functional survival of US Jerseys. Cows with undesirable scores for udder depth, fore udder attachment, front teat placement, and udder support had 1.3 to 1.8 times as high a risk of being culled as those with intermediate scores. Animals with an inbreeding coefficient of >10% had a slightly higher risk of being culled than those with a coefficient of <5%. Caraviello et al. (2004) also examined the relationship between type traits and functional survival for US Holsteins. Udder depth, fore udder attachment, udder cleft, and rear legs were related to functional longevity in all regions, but survival was highest in the Northeast and lowest in the South. Nieuwhof et al. (1989) provided phenotypic trends in the herd life of US dairy cows with first calvings between 1966 and 1983. The purpose of the current study was to provide updated information about productive herd life and survival rates for US dairy cattle that were enrolled in DHI testing and to determine whether those longevity traits had changed since 1980.
MATERIALS AND METHODS

Data
Lactation records from the national dairy database at the Animal Improvement Programs Laboratory, USDA (Beltsville, MD), were used to determine survival rates and productive herd life for 5 US dairy breeds (Ayrshire, Brown Swiss, Guernsey, Holstein, and Jersey). Data were from 13.8 million cows in herds that participated in DHI testing. Only lactation records with calving dates between January 1, 1980, and March 2, 2005, were included. Most recent year of first calving was more restrictive and ranged from 2000 for survival to parity 2 to 1994 for survival to parity 8. Cows were required to have remained in the same herd for all parities. In addition, the herd had to be enrolled in DHI testing for at least 1 yr before the first calving of a cow to avoid atypical culling practices that were made based on the initial influx of information received by the herd To increase the amount of usable data, subgroups were created based on the opportunity of each cow to calve for each parity. A cow's herd was required to remain on test for an increment of 450 d per lactation; i.e., for a cow to be included in the opportunity group for parity 1, the herd must have remained on test at least 450 d after her first calving; for parity 2, 900 d after her first calving; for parity 3, 1,350 d; and so on. Parities after 8 were not included. This opportunity requirement was applied because life expectancy of cows in herds that terminate testing has been shown to be slightly shorter (P < 0.005) than that in herds that continue testing (Andrus et al., 1970) . Numbers of cows within each opportunity group by breed are shown in Table 1 .
Methods
Survival rates were calculated for each parity by dividing the number of cows that calved by the number of cows in the opportunity group. Survival rate for parity 1 was assumed to be 100% because information for heifers that failed to conceive was not available. Mean number of calvings by breed and year of first parity also was calculated as the sum of mean survival rates expressed in decimal form to provide another indicator of how long cows were staying in herds. Although Nieuwhof et al. (1989) found slightly higher survival rates for registered cows than for grades, a separate analysis for effect of registry status on survival was not completed because an examination of Holstein records in the national dairy database revealed a continual decline in registered cows from 50% in 1980 to 25% in 2005. Productive herd life was calculated with the formula of Nieuwhof et al. (1989) :
where H is the mean productive herd life in months (30.4375 d/mo), S i is the survival rate to parity i (i = 1, 2,..., 7), C i is the mean calving interval in days between parities i and i + 1, and D i is mean DIM during parity i for cows without a subsequent lactation. Mean calving intervals were those reported by Hare et al. (2006) . For parity 8, cows were assumed to have survived for 1 yr (365.25 d) after calving, which represents DIM for parity 8 plus additional DIM for parities after 8. Although that assumption probably underestimates actual DIM for parities ≥8, some credit is provided for time opportunity in contrast to procedures in nearly all other longevity studies.
Mean herd composition by parity was computed with the formula of Nieuwhof et al. (1989) :
where P i is the proportion of cows in the herd with parity i (i = 1, 2,..., 7). Because all remaining cows were assumed to have survived 1 yr after parity 8, P 8 = S 8 (12/H). 
RESULTS AND DISCUSSION
Numbers of cows without a subsequent lactation and their mean lactation lengths are shown in Table 2 . Mean lactation lengths for those cows ranged from 205 to 235 d for parities 1 through 7 and were 4 to 29 d longer across breed-parity subsets for parities 2 through 7 than for parity 1. Mean lactation length increased from parity 2 to 7 for all breeds except Holstein, which decreased from 229 d for parity 2 to 224 d for parity 7; the reason for this reverse trend for Holsteins is unknown. Length of time that a cow remained in the herd after last calving was 2 to 15 d shorter for parities 1 through 7 across breed-parity subsets than corresponding lactation lengths reported by Nieuwhof et al. (1989) , except for parity 6 of Brown Swiss, which was 1 d longer.
Survival rates by breed and year of first calving are presented in Tables 3 through 9 for parities 2 through Standard errors were 0.9 to 1.3% for Ayrshires, 0.8 to 0.9% for Brown Swiss, 0.5 to 1.0% for Guernseys, 0.1% for Holsteins, and 0.3 to 0.4% for Jerseys. 8, respectively. Although only survival rates for even years from 1980 and later as well as for the final year with data available are included in the tables, all years were included in the overall means. Mean survival rates for each parity (weighted by breed population of cows with an opportunity to calve for parity 1) were 73, 50, 32, 19, 10, 5, and 2% to parities 2 through 8, respectively. Those means were lower than corresponding means of 78, 57, 40, 27, 17, 10, and 5% reported for 1966 through 1983 by Nieuwhof et al. (1989) . For reported years that were same (1980 through 1983), mean survival rates for individual breeds were slightly lower than those of Nieuwhof et al. (1989) except for later parities of Holsteins. The reason for the differences is unknown but could have resulted from changes in data editing for the national database. All Holstein records in that database were examined for this study, but Nieuwhof et al. (1989) included only a population sample for Holsteins of every 15th herd. Standard errors were 1.7 to 2.3% for Ayrshires, 1.4 to 1.6% for Brown Swiss, 1.0 to 1.8% for Guernseys, 0.1 to 0.2% for Holsteins, and 0.6 to 0.7% for Jerseys.
For survival to parity 2 (Table 3) , Jerseys had the highest mean survival rate (75%), followed by Holsteins (73%), Ayrshires (70%), Brown Swiss (66%), and Guernseys (65%). Survival to parity 2 often declined from 1980 through the mid-1990s and then began to increase slightly, although yearly fluctuations (not shown) were present, especially for the breeds with smaller populations. An earlier increase for Jersey survival may have resulted from a shift in milk pricing that gave added value to higher SNF or protein components in milk. Survival to parity 2 during 2000 was as high as or higher than survival during 1980 for Ayrshires, Brown Swiss, and Jerseys. Although Holstein survival to parity 2 has increased in recent years, Holstein survival rates were still lower during 2000 (74.1%) than during 1980 (77.3%). It is difficult to find comparable information in the literature about survival rate to various parities for breed populations in other countries. Any information available is usually for genetic changes, but hardly ever for phenotypic changes.
Trends for survival to parity 3 (Table 4) were similar to those for parity 2 with some yearly fluctuations (data not shown)-usually an initial decrease with improvement during more recent years. Breed ranking for survival was the same for parity 3 as for parity 2. Approximately half of all cows with an opportunity to survive had a third calving: 49% for Ayrshires, 46% for Brown Swiss, 42% for Guernseys, 50% for Holsteins, and 56% for Jerseys.
Survival to parity 4 (Table 5 ) ranged from 25% for Guernseys to 39% for Jerseys. Holsteins experienced the largest drop in survival to parity 4 from 1980 to 1998, with a decrease from 39 to 28%. Guernsey survival also declined substantially from 28 to 22% during that period. The other 3 breeds had only modest survival declines of <3%. Standard errors were 1.9 to 2.5% for Ayrshires, 1.5 to 1.7% for Brown Swiss, 1.1 to 1.9% for Guernseys, 0.1 to 0.2% for Holsteins, and 0.6 to 0.8% for Jerseys.
Jerseys continued to have the largest percentage of cows that remained in the herd at advanced parities. Survival rate across all years for Jerseys was 26% to parity 5 (Table 6 ), 16% to parity 6 (Table 7) , 9% to parity 7 (Table 8) , and 5% to parity 8 (Table 9) . Brown Swiss and Ayrshires had the same survival rates to later parities: 21% to parity 5, 13% to parity 6, 7% to parity 7, and 4% to parity 8. Corresponding survival rates for Holsteins were 18, 10, 5, and 2%. Across years, Guernseys had the smallest percentages (14, 7, 4, and 2%) of cows that survived to later parities. Nieuwhof et al. (1989) found similar breed rankings for survival to later parities except that Brown Swiss had higher survival rates than Ayrshires.
Survival rate can be affected by economic factors (e.g., milk price, feed cost, and beef price), heifer inventory, and herd expansion or discontinuation. When replacements are plentiful and inexpensive, producers are less tolerant of problem animals and cull more than when replacements are scarce and expensive. Another factor that influences survival is the level of demand for specific breeds, which affects the breed population size. Culling will be reduced if demand for a specific breed is high. Since 2000, only the Jersey breed has shown a trend for increasing numbers of cows on DHI test (Animal Improvement Programs Laboratory, 2006). Therefore, higher survival rates for Jerseys could be primarily a reflection of demand.
Mean number of parities through parity 8 (Table 10 ) was <3 for all breeds except Jersey (3.2) across years. In contrast, Nieuwhof et al. (1989) reported breed means of 3.1 to 3.5 calvings for 1966 through 1976. Mean number of parities has declined since the 1980s and was 2.4 for Guernseys, 2.8 for Holsteins, 2.9 for Ayrshires and Brown Swiss, and 3.2 for Jerseys that first calved during 1994. Linear regressions of mean number of parities on year of first calving (Table 10) Standard errors were from 2.0 to 2.4% for Ayrshires, 1.6 to 1.8% for Brown Swiss, 1.1 to 1.8% for Guernseys, 0.2% for Holsteins, and 0.7 to 0.9% for Jerseys. significant (P < 0.05) for all breeds. Declines were greatest for Holsteins and Guernseys (−0.031 and −0.027 parities per year, respectively). When quadratic regressions (data not shown) were compared with linear regressions, the linear coefficients produced higher R 2 for all breeds except Guernseys. Linear and quadratic coefficients together were significant (P < 0.001) for Holsteins and Jerseys and raised the R 2 considerably for Jerseys (0.73 to 0.93).
Similar declines were found for productive herd life (Table 11) . A typical Holstein cow that began milking during 1994 had a productive herd life of about 32 mo compared with >36 mo for a cow that began milking during 1980. However, productive herd life began to increase slightly during the most recent years for all breeds. Nieuwhof et al. (1989) found declines in productive herd life from 1966 through 1976 for all breeds except Jersey, for which productive herd life increased. Mean productive herd life across years (Table 11) was 28 mo for Guernseys; 33 mo for Ayrshires, Brown Swiss, and Holsteins; and 36 mo for Jerseys. Productive herd Standard errors were from 2.1 to 2.6% for Ayrshires, 1.6 to 1.9% for Brown Swiss, 1.2 to 1.8% for Guernseys, 0.2% for Holsteins, and 0.7 to 0.9% for Jerseys. life reported by Nieuwhof et al. (1989) ranged from 38 to 39 mo for all breeds except Guernsey, which had a mean productive herd life of 35 mo. They also found that mean productive herd life was 2.4 mo longer for registered Holsteins than for grades and, correspondingly, from 3.4 to 6.5 mo longer for other breeds (Ayrshire, Brown Swiss, Guernsey, and Jersey). Linear regressions of mean productive herd life on year of first calving (Table 11) were negative for all breeds and significant (P < 0.01) for all breeds except Brown Swiss. Declines were greatest for Holsteins and Guernseys (−0.346 and −0.301 mo/yr, respectively). Linear coefficients produced a higher R 2 than did quadratic coefficients for all 5 breeds. Linear and quadratic coefficients together were significant for Ayrshires (P < 0.01) and for Holsteins and Jerseys (P < 0.001) and raised the R 2 substantially for Jerseys (0.42 to 0.90). Parity composition of herds (Table 12 ) is a reflection of the number of cows that are replaced in herds each year from both voluntary and involuntary culling. Between 31 (Jersey) and 39% (Guernsey) of herds were made up of first-calf heifers, which was an increase from the corresponding percentages of 29 (Jersey) and 33% (Guernsey) that were reported by Nieuwhof et al. (1989) . Distribution of parities across breeds (weighted by breed population of cows with an opportunity to calve for parity 1; Table 1 ) was 35% for parity 1, 26% for parity 2, 17% for parity 3, 11% for parity 4, 6% for parity 5, 3% for parity 6, 2% for parity 7, and 1% for parity 8. Nieuwhof et al. (1989) found slightly lower percentages of cows with earlier parities and slightly higher percentages of cows with later parities.
Several studies during the 1960s (Van Vleck, 1964; White and Nichols, 1965; Miller et al., 1967) showed that US dairy producers keep cows with high yield the longest, which negated the concern that high-yield 2-yr-olds leave the herd earlier than those with low to moderate milk yield. Producers still want to retain high-yield cows, and the relationship between milk yield and herd life remains positive (Norman et al., 2005; Sewalem et al., 2005) . Rogers et al. (1991b) reported that younger age at first calving and higher firstlactation yield resulted in a longer productive life for US Jerseys. Sewalem et al. (2005) also found that heifers older at first calving were at a higher risk of being culled than those calving at intermediate ages. They found milk yield was by far the most important factor influencing survival. In contrast, Ettema and Santos (2004) reported that Holstein culling and mortality on commercial California farms were not affected by age at first calving. A more extensive examination of the current impact on survival by phenotypic traits that are strongly influenced by environment (such as age at first calving and milk and component yields) could provide useful management information.
CONCLUSIONS
Survival rates and productive herd life of US cows were examined by breed, parity, and trend over time. life of about 2 yr and 8 mo. Means for number of parities and productive herd life were slightly underestimated because of the exclusion of data from parities after 8. Numbers of parities, productive herd life, and survival rates have decreased, apparently because of more intense culling primarily due to management decisions by producers rather than genetics. The trend for decline of many of those indicators of longevity slowed or ended after the early 1990s. Differences between breeds in survival and productive herd life were evident: Productive herd life was longest for Jerseys and shortest for Guernseys.
